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I, Donald R. Huffman, declare and say as folios: 

1. I am a co-applicant of the above- identified 

application. 

2. The other co-inventor of the above-identified 
application is Wolfgang Kratschmer, with whom I have 
collaborated. Although Dr. Kratschmer conducted his research at 
the relevant time at the Max Planck Institute in Germany, 
during the course of our collaboration, we have regularly 
communicated with one another, exchanging ideas, concepts and 
experimental details and results. In addition, we have visited 
each other's laboratories and have conducted additional 
research therein during our visits relating to the subject 
matter of the present invention described in the above- 
identified application. All of our combined activities have 
led to the completion of the invention described and claimed in 
the above-identified application. 
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3. I am currently a Regent's Professor of Physics, 
at the University of Arizona. I have received s,everal 
accolades and awards relating to the subject invention, which 
include, inter alia , a Material Research Society Annual Medal 
Award in 1993, which I shared with Dr. Kratschmer, for the 
"Discovery of a Way to Produce Macroscopic Quantities of the 
Fullerenes and for Ellucidating (sic) Many of the Physical and 
Cheitiical Properties", and the Hewlett-Packard EuroPhysics Prize 
in 1994, which I shared with Drs. Kratschmer, Smalley and 
Kroto, for the "Discovery of New Molecular Forms of Carbon and 
their Production in the Solid State" . 

My curriculum vitae which lists, inter ^li^, my 
awards and honors and pxibli cat ions, is attached hereto as 

Exhibit A. (Exhs. A-1 to A-8)., 

4. It is my understanding that the United States 
Patent and Trademark Office cited a paper by Kratschmer, et al. 
published in Chemical Phvsirs Letters . 1990, 167-170 
("Kratschmer, et al.") in support of a rejection of the above- 
identified application. 

5. It is my understanding that Kratschmer, et al. 

published on July 6, 1990. 

6. The invention described and claimed in the above- 
identified application was completed in the United States prior 
to July 6, 1990, i.e., the publication date of Kratschmer, et 
al. 
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7. The present invention is directed to a method of 
producing fullerene-60 and fullerene-70 as species of 
fullerenes in macroscopic araoiints. An integral part of the 
present invention comprises vaporizing elemental carbon, e.g., 
graphite, in the presence of an inert quenching gas under 
conditions effective to form a soot . comprising fullerenes, 
e.g., fullerene-60, which species of fullerenes are present in 
the sooty carbon product in macroscopic amounts. Proving that 
macroscopic amounts of fullerene species, e.g., fullerene-60, 
are present in the soot required isolation of the same from the 
soot. Thus, in addition to the step of producing species of 
fullerenes, e.g. fullerene-60, in macroscopic amounts, much of 
the activity described hereinbelow focused on proving that the 
species were produced in macroscopic amounts . Thus, we 
undertook to isolate fullerene-60 and fullerene-70, as species 
of fullerenes, from the soot. 

8. As evidence that these acts, including the 
completion of the present invention in the U.S., occurred prior 
to the publication of Kratschmer et al., annexed hereto and 
made a part hereof are Exhibits B-I consisting of photocopies 
of laboratory records of experiments conducted in the 
laboratories at the University of Arizona. 

9. The acts reported in the laboratory notebook 
entries were conducted prior to July 6, 1990, the publication 
date of Kratschmer, et al. either by myself or by someone 
working under my direction and control. 
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10. Data not pertinent to this invention and dates 
have been masked out in the preparation of these photocopies. 

11. To enhance the xinderstanding of the present 
process as to the acts described herein, reference is made to 
Exhibit B, which is a photocopy of 4 pages from Dr. Lowell 
Lamb's laboratory notebook, identified as Pages B-1 to B-4. 
Dr. Lamb, at the relevant time, was a graduate student working 
in my laboratory under my supervision and control. 

12. Exhibit B summarizes in detail an embodiment of 
the present invention for producing fullerene species, e.g., 
fTallerene-60, in macroscopic amounts. It describes that 
graphite rods are vaporized in an inert atmosphere of helium, 
e.g., 100 torr of helium, in a belljar apparatus. Above the 
rods is a chimney made out of a 2" diameter quartz tube topped 
with two microscopic slides to collect the vaporized carbon 
smoke. The carbon smoke is scraped off the chimney and sides 
of the chamber, and placed in benzene. The benzene is 
evaporated off until a brownish gold residue remains, then the 
brownish gold residue is sublimed in an atmosphere of inert gas 
such as helium. The sublimed material is collected on a quartz 
substrate. In each of the instances wherein the product was 
isolated, it was produced in amounts that could be seen with 

the naked eye. 

13. One product of the procedure described 

hereinabove in paragraph 12 is a relatively pure fullerene-60 
molecule in macroscopic amounts. This is verified by the UV- 
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VIS spectnom, in which one observes a camel structure in the 
absorption pattern, e.g., three specific absorptions at about 

♦ 

220, 270 and 340nin in the UV, Since the absorption between 240 
and 270 nm reminded us (Kratschmer and myself) of camel humps, 
we .designated the spectra as camel humps. (The three 
absorptions turned out to be associated with and is reflective 
of the presence of fullerene-60 and fullerene-70 in the 
sample) . 

14. An example of such a spectrum is depicted on 
pages B-3 and B-4, which are photocopies of additional pages in 
Lowell Lamb's notebook. Although the spectra are in color in 
the notebooks, the colors did not reproduce in the original 
photocopying. I have therefore retraced the lines with the 
appropriate colors on these pages of the exhibit and have 
written the appropriate color designations above and/or below 

the lines. 

15, in the experiments described hereinbelow, the 
sooty carbon product was obtained by following the procedure 
outlined hereinabove. The emphasis in these experiments was to 
definitely prove that macroscopic amounts of fullerene species, 
e.g., fullerene-60, were produced. Thus, the emphasis in many 
of the exhibits is to separate the product produced in 
accordance with the procedure described herein from the soot 
and to show by measuring physical characteristics, such as UV 
spectra, IR spectra, X-ray diffraction pattern, and the like 
that the present process produced species of fullerenes, e.g.. 



fullerene-60 and that they were produced in macroscopic 
amounts . 

16. in the experiment described on pages B-3 and B- 
4, Lamb had followed the procedure described hereinabove and 
prepared fullerene species, e.g., fullerene-60, from soot, as 
described in paragraph 12. He had separated the fullerene 
products from the carbon sooty product by sublimation. More 
specifically, he had sublimed the mixed fullerene products, 
containing, among other things, fullerene-60 and fullerene-70 , 
from the soot, prepared in accordance with the procedure 
described in Paragraph 12 herein in a helium atmosphere until a 
thin film was formed on the surface of the quartz substrate. 
According to the procedure described therein, he removed the 
film from the quartz substrate and took the UV spectra of the 
collected material. As outlined in the notebook he continued 
subliming the material in the soot until another film appeared, 
which, he again isolated and scanned. He repeated this process 
until no more material was collected on the quartz substrate. 
It is noted that in the spectrum located on the right side of 
Page B-3 , there are blue and red lines which show absorption at 
about 230, 270 and 340 ran. These absorptions turned out to be 
associated with and reflective of the presence of fullerene-60 
and fullerene-70 in the sample. This again is illustrated by 
the blue and the red lines in the spectra located on the left 
side on page B-4. 
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17 . Exhibit C is a photocopy of 9 pages of my 
notebook, identified as C-1 to C-9. These pages describe the 
vaporization of carbon in an inert atmosphere to form the 
carbon sooty product, as described herein, the isolation of the 
carbon soot and separation by siiblimation of the fullerenes, 

e . g • , f ullerene- 6 0 . 

18. Prior to any sublimation, I took the UV of the 
sample of carbon soot produced arid isolated from the sides of 
the chamber in accordance with the procedure described herein, 
The UV confirmed the presence of f ullerene species, 

e.g. , fullerene-60,y^the soot. 

19. Pages C-1 to C-5 describe various separations of 
fullerene-60 from the collected soot by stiblimation. Attention 
is directed to Pages C-4 and C-5, which not only describes a 
sublimation of the fullerene-60 from the soot, but also 
provides the spectra showing the camel hximps referred to 
hereinabove, respectively. This spectra clearly evidence that 
the product contained fullerene species, e.g., fullerene-60. 

20. Pages C6 and C7 describe additional sublimation 
experiments that were used to separate the fullerene-60 
produced in macroscopic amounts from the soot. In the 
experiments described therein, a 1cm x 2cm microscope slide 
which had been heavily coated with carbon soot in accordance 
with the procedure described in paragraph 12 hereinabove, was 
heated. The heating was effected in a small quartz crucible 
surrounded by tungsten wire in the bell jar filled with about 
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one atmosphere of helium. The quartz substrate was placed just 
above the crucible for collecting the sublimed material, to 
prove that I had prepared the fullerene-60 in macroscopic 
amounts, I performed several sublimations and scanned the 
SToblimed product each time. A typical UV is provided on Page C- 
9. 

21. The UV spectra on page C-9 clearly shows the 
presence of the camel huntps, and this clearly indicates that 
fullerene-60 was produced by the process described hereinabove. 

22. Exhibit D is a photocopy of two pages of a 
laboratory notebook of Lowell Lamb. The sooty carbon product 
comprising macroscopic amounts of fullerene-60 was prepared as 
above. The isolation of a fullerene species, e.g., fullerene- 
60, from carbon soot and the purification of same, was effected 
by sublimation. Attached to the bottom of Page D-1 and Page D- 
2 is the UV and visible spectra, respectively, of the 
fullerene-60 product so obtained. 

23. On the graph on the bottom of Page D-1, 
attention is drawn to the UV absorptions at 240, 270 and 340nm 
again indicating the presence of fullerene-60 in the sample. 

24. Exhibit E is a photocopy of three pages of 
Lowell Lamb's laboratory notebook. Page E-1 is a visible 
spectra of fullerene-60, prepared in accordance with the 
procedure described hereinabove and shows absorption at about 
415, 500, and 670nm, which is indicative of fullerene-60. 
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Page E-2 describes modifications of the procedure 
described on Page 92 and 93 of the notebook (Pages B-1 and B- 
2). Moreover, it refers to an IR spectrum of fullerene-60 on 
NaCl produced in accordance with the procedure outlined on 
Pages B-1 and B-2. It refers to the absorption of the 
fullerene-60 at 1410 and 1180 cm. , which turns out to be 
associated and reflective of the presence of fullerene-60. 
Page E-3 is a copy of IR spectra of fullerene-60 on NaCl 

referred to on Page E-2. 

25. Exhibit F is a photocopy of relevant portions of 
a progress report which was written in Lowell Lamb's laboratory 
notebook. Page F-3 comments on the IR and UV spectra of the 
fullerene-60 sample obtained and reports that the procedure 
described in Exhibit B produces a fullerene-60 product in 
approximately 0.1 gram batches. 

26. The fullerene products, produced in accordance 
with the procedure described hereinabove, were soluble in non- 
polar solvents and insoluble in polar solvents. This is 
indicated in Exhibit G, which is a photocopy of two pages of my 
notebook. 

27. Exhibit G consists of two pages, Page G-1 and G- 
2. Page G-1 describes the tests which I conducted regarding 
determining the solubility of the fullerene product. I found 
that it is soluble in benzene, CS, and CCI4, but insoluble in 
water, acetone, methanol and proponal. 
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28. The fact that the fullerene product is found to 
be soluble in non-polar solvents, while the soot was insol\ible 
in the non-polar solvent was evidence that non-polar solvents 
could be used to extract the fullerene product from the soot. 
Thus, this represented an alternate means for separation of the 
fullerene product from the soot. 

29. Page G-2 is the UV/VIS spectrxim of the fullerene 

product dissolved in benzene. 

30. The spectra referred to in paragraphs 21 and 29 
are of exceptional quality and clearly show the presence of 
fullerene- 60 . 

31. Exhibit H consists of one page and is an x-ray 
diffraction of the fullerene powder produced in accordance with 
the procedure described hereinabove. The spectrum is identical 
to the ones we and others published with respect to fullerene- 
60. 

32. Exhibit I, consisting of one page, is a mass 
spectrum of the fullerene material produced in accordance with 
the procedure described hereinabove. It clearly shows the 
presence of two species of fullerenes, e.g., fullerene-60 (mass 
720) and fullerene-70 (mass 840) in a single ionization, along 
with some breakup products of fullerene-60 such as doubly 
ionized fullerene-60. 

33. These exhibits demonstrate that a process for 
the preparation and isolation of various fullerene species, 
e.g., fullerene-60 and fullerene-70 as species of fullerenes, 
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in macroscopic amounts has been performed by myself or \inder my 
direct supervision and control in tHe United States prior to 
the publication date of Kratschmer et al. 



herein of my own knowledge are true and that all statements 
made on information and belief are believed to be true, and 
further that these statements were made with the knowledge that 
willful false statements and the like so made are punishable by 
fine or imprisonment or both under section 1001 of Title 18 of 
the United States Code and that such willful false statements 
may jeopardize the validity of the application or any patent 
issued thereon. 



34. I further declare that all statements made 



Dated: 




MJC : ahs /bb 
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1. D.R. Huflftnan and M.H. Norwood, "Specific Heat and Elastic Constants of Calcium 
Flouride at Low Temperatures," Phys. Rev. 117, 709 (1960). 

2. D R. Huffman, R.L. Wild, and J. Callaway, "Optical Properties of Alpha-MnS in the 
Fundamental Absorption Region," J. Phys. Soc. Japan 215, 623 (1966); and Proceedings of the 
International Conference on the Physics of Semiconductors, Kyoto, 1966. 

3 D R. Huffman and Robert L. Wild, "Specific Heat of MnSthrough the Neel Temperature," 
Phys. Rev. 148, 526 (1966). 

4 D R. Huffman and Robert L. Wild, "Optical Properties of Alpha MnS," Phys. Rev. 156, 
989 (1967). 

5. D R. Huffman, "Total Intensities of Some Crystal Field Transitions in MnO and MnS 
Related to the Antiferromagnetism," 1968 Conference on Magnetism and Magnetic Materials, J. 
Appl. Phys. 40, 1334(1969). 

6. D R. Huffman, R.L. Wild, and M. Shinmei, "Optical Absorption Spectra of Crystal Field 
Transitions in MnO," J. Chem. Phys 50, 4092 (1969). 

7. D R. Huffman, "A Possible Cause of Some Unidentified Interstellar Absorption Bands: Crystal 
Field Absorption Bands Due to Fe^"*"," Astrophys J. 161, 1 157 (1970). 

8. D R. Huffman, "An Explanation for the Broad Supemovae Bands," Nature 225, 833 

(1970). 

9. D R. Huffman and J.L. Stapp, "Interstellar Silicate Extinction Related to the 2200 A 
Band," Nature 229, 45 (1971). 

10. K.L. Day and D.R. Huffman, "Measured Extinction Efficiency of Graphite Smoke in the 
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1 1 Arlon J. Hunt, T.R. Steyer, and D.R. Huffman, "Infi-ared Surface Modes in Small NiO 
Particles," Surface Science 36, 454 (1973). 

12. Arlon J. Hunt and D R. Huffman, "A New Polarization-Modulated Light Scattering 
Technique for Determining the Elements of the Scattering Matrix," Rev. Sci. Instrum. 44, 1753- 
1782(1973). 

13. D R. Huffhian and J.L Stapp, "Optical Measurements on Solids of Possible Interstellar 
Importance," in Interstellar Dust and Related Topics, ed. Greenberg and van de Hulst (1973). 
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14. T.R. Steyer, K.L. Day, and D R. Huffman, "Infrared Absorption by Small Amorphous 
Quartz Spheres," Appl. Opt. 13, 1586 (1974). 

15. K.L. Day, T.R. Steyer, and D R. Huffman, "A Quantitative Study of Silicate Extinction," 
Astrophys. J. 191, 415 (1974). 

16. D R. Huffman, "Optical Properties of Particulates, "Astrophys. and Space Sci. 34, 175 
(1975); invited paper presented at the Symposium on Solid State Astrophysics, Cardiff", Wales. 

17. A.J. Hunt and DR. Huffman, "A Polarization-Modulated Light Scattering for 
Determining Liquid Aerosol Properties," Japanese Journal of Applied Physics 14, 435 (1975). 

18 W.S. Bickel, J.F. Davidson, D.R. Huffman, and R. Kilkson, "Application of Polarization 
Effects in Light Scattering; A New Biophysical Tool," Proceedings of the National Academy of 
Sciences 73, 486(1976). 

19. T P. Martin, R. Merlin, D R. Huffinan, and M. Cardona, "Resonant Two Magnon Raman 
Scattering in Alpha-Fe203," Solid State Commun. 22, 565-567 (1977). 

20 D R. Huffinan, "Interstellar Grains: The Interaction of Light with a Small-Particle 
System," Advances in Physics 26, 126-230 1977). 

21 Roger J. Perry, Arlon J. Hunt, and Donald R. Huffman, "Experimental Determinations of 
Mueller Scattering Matrices for Nonspherical Particles," Appl. Opt. 17, 2700-2710 (1978). 

22 W. Kratschmer and D R. Huffman, "Infrared Extinction of Heavy Ion Irradiated and 
Amorphous Olivine with Applications to Interstellar Dust," Astrophys. and Space Sci 61 195 
(1979). 

23 D R. Huffman and C.F. Bohren, "Effect of Shape on Strong Infrared Absorption Bands of 
Artificial Aerosols," in Proceedings of the Workshop on Artificial Aerosols," Vail, Colorado 
June 19-20, 1979. 

24. D R. Huffman and C.F. Bohren, "Infrared Absorption Spectra of Non-spherical Particles 
Treated in the Rayleigh Ellipsoid Approximation," in Light Scattering by Irregularly Shaped 
Particles (Plenum, 1980), pp. 103-112. 

25 D R. Huffman and R. Trykozko, "Reflectance and Optical Constants of CdIn2Se4 
Crystals," J. Appl. Phys. 52, 5283 (1981). 

26 D R. Huffman, L A. Schwalbe, and D. Schiferi, "Use of Smoke Samples in Diamond-Anvil 
Cells to Measure Pressure Dependence of Optical Spectra: Application to the ZnO Excitoh," Sol. 
State Commun. 44, 521 (1982). 
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27. S. Twomey and D R. Huffman, "Workshop Review," in Light Absorption by Aerosol 
Particles, eds. H.E. Gerber and E.E. Hindman (Spectrum Press, 1982). 

28. D. R. Huffman, "Optical Absorption Studies of Surface Plasmons and Surface Phonons in 
Small Particles," Festkorperprobleme (Advances in Solid State Physics) XXffl, 49-75 (1983). 

29. C.F Bohren and D R. Huffman, Absorption and Scattering of Light by Small 
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31. W. Kratschmer, N. Sorg, and D R. Huffman, "Spectroscopy of Matrix-Isolated Carbon 
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Optical Effects Associated with Small Particles, eds. P. Barber and R.C. Chang (World 
Scientific, 1987). 
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Spectra of Matrix-isolated Carbon Vapor," in Interstellar Dust, eds. L.J. Allamandola and 
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